Background: Oil refinery workers are continuously exposed to numerous hazardous materials. Petroleum contains the heavy metals as a natural constituent or as additives. These metals induce the production of ROS which associated with an oxidative damage to DNA, proteins, and lipids. This study was conducted to assess the salivary levels of heavy metals, salivary oxidative status, oral immunological activity (salivary sIgA) and assessment of the oral findings among the workers of Al-Daura oil refinery in Baghdad city. Subjects, Materials and Methods: This study was done in Al-Daura oil refinery; samples consist of 60 workers involved in refinery processes (study group) and 20 non-workers (control group). Oral examination and saliva collection was done to assess the oral findings and measurement the level of heavy metals (lead and cadmium), oxidative status (MDA and SOD) and secretary IgA. Results: salivary lead and cadmium was higher in study group (6.34 µg/dl and 0.56 µg/l) than that of control group (3.3 µg/dl and 0.34 µg/l) with highly significant difference (p<0.001). A significant increase (p<0.05) was found in salivary MDA (15.3 ng/ml) and salivary sIgA (464.36 µg/ml) and significant decrease in salivary SOD (1895.1 pg/ml) among the study group. Lead has shown significant linear correlation with MDA and IgA. A significant reverse correlation was found between heavy metals (lead and cadmium) and SOD. The oral examination revealed no oral lesions of interest. Conclusion: Workers in Al-Daura oil refinery exposed to pollution with heavy metals (Pb and Cd) which was associated with changes in the biochemical and immunological findings among the oral cavity.
INTRODUCTION
Iraq is one of the significant countries in oil reservoir, production and exportation. Crude oil fields and oil refineries are present on wide locations of the Iraqi lands. These oil locations distributed from the north to the far south of the country. Some of the fields are present close to or in the nearby cities, therefore its presence has an impact on the environment and health of the residents and workers inside the oil refineries.
Petroleum is perhaps the most substance demanded and consumed all over the world. The structure of petroleum is formed of an extremely complex mixture of hydrocarbon compounds, usually with minor amounts of nitrogen, oxygen and sulfur as well as trace amounts of metalcontaining compounds. (1) Oil refinery is an industrial location where the crude oil is processed, decomposed and separated into many usable materials. One of the most important refineries constructed in Iraq is AlDaura oil refinery. This refinery was constructed in Baghdad and begun to work in 1955. It is composed of many sections that produce different (1) products to cover the needs of Iraq from fuel such as gasoline, kerosene, jet fuel and other products. Most of these sections are old and many leaks have been noticed in the refinery. These leaks can be seen by soil saturation with oil and emission of different fumes to the air which can be felt at the moment of entry at the main gate.
Oil refinery workers are in continuous exposure to numerous hazardous materials. The work conditions place them at continuous risk of serious pollutants, injury and death. Lead is toxic heavy metal the oil refinery workers are in a daily exposure.
(2, 3) Lead and cadmium emissions have increased dramatically during the 20th century. The petrol was the main source of lead exposure while the reason for cadmium increase was that cadmium-containing products are rarely re-cycled, but often dumped together with household waste. The adverse health effects of cadmium exposure may occur at low exposure levels, Therefore, measures should be taken to reduce the lead and cadmium exposure in the general population in order to minimize the risk of adverse health effects. (4) Many studies on the petroleum health effects were conducted. The oral health of occupationally exposed workers to petroleum was assessed by some investigators. Dental caries and periodontal (5) This investigation was conducted to explore some scientific information and to add data for the more in depth researches about the impact of the petroleum and its derivatives on salivary constituents, Up to our knowledge there are insufficient data relevant to this study, therefore the purpose of this investigation was considered to detect the salivary malondialdehyde and superoxide dismutase (as an indicator of oral oxidative status) in addition, Lead and cadmium heavy metals were assessed as an important constituents of petroleum and its possible association with tissue damage or any oral findings. Since lead-and cadmium-induced tissue damages have been attributed, at least in part, to toxicant-induced oxidative stress. 
SUBJECTS, MATERIALS AND METHODS
After approvals were obtained from the scientific committee and local authorities, a total of eighty participants were enrolled in this study and they were divided into 2 groups:-1. Study group: Sixty non-smoker male workers in Al-Daura oil refinery were involved as a study group, with no signs, symptoms and history of any systemic disease. They were Baghdad city residents. 2. Control group: Twenty non-smoker male subjects of Baghdad city resident were involved in this study, with no signs and symptoms of any systemic disease. All the participated subjects have answered questionnaire form included information regarding their name, gender, age, smoking, residence, type of work and duration of employment.
The oral examination for each individual was done using the disposable dental diagnostic tools and artificial light to detect the oral condition according to the sequence of WHO. (8) Sample collection All saliva samples were collected at morning time between 9 a.m. and 1p.m. Before collection of saliva, the subjects were instructed not to eat or drink (except water) for 1 hour. (9) Mouth washing with pure water was carried out before sampling. All participants were instructed to collect saliva in their mouths for 5 minutes and to spit into a clean plastic container.
Saliva samples were kept in ice during the collection. In order to reduce bubble and foam, samples were centrifuged and stored at -23 C ْ freezer for analysis.
Biochemical and Immunological Analysis; The salivary malondialdehyde, superoxide dismutase and immunoglobulin A were measured by the use of Enzyme-linked Immunosorbent Assay Kits.
The heavy metals in saliva were analyzed at the poisoning consultation center\specialized surgeries hospital by using the Atomic Absorption Spectrophotometer. Salivary lead level was measured by the flame atomic absorption spectrophotometer. Working Pb standards (0,5,10,15 µg/dl) were prepared.. The standards, samples and quality control specimens were aspirated for measurement of lead. Hallow cathode lamps were used for lead. Absorption was measured at 283.2 nm wavelength.
The measurement of salivary cadmium concentration was done by the flameless atomic absorption spectrophotometer. The samples were analyzed and atomic absorption was done with optical beam at 228.9 nm wavelength.
RESULTS
The mean of salivary lead and cadmium was higher in study group (6.34 µg/dl and 0.56 µg/l respectively) than that of control group (3.3µg/dl and 0.34 µg/l respectively) with highly significant difference (p<0.001). The mean of the salivary MDA in study group (15.39 ng/ml) was higher than that of control group (7.96 ng/ml) with significant difference (p<0.05). Unlike the MDA, the mean of salivary SOD of study group (1895.1 pg/ml) was lower than that of control group (2506.6 pg/ml) with significant difference (p< 0.05) A significant difference (p<0.05) was found between the mean of sIgA of the study group (464.36 µg/ml) and the mean of the control group (344.3 µg/ml), the sIgA in workers group was higher (p<0.05) compared with the control group.
The increase in the level of salivary lead was correlated with an increase in the level of salivary MDA, IgA with significant correlation (p<0.05).
The statistical analysis has shown a significant inverse correlation between the heavy metals (Lead and cadmium) and SOD (p<0.05). Assessment of the Oral Diagnosis 50 
DISCUSSION
In this study the mean age of the study group and control was approximately equal to avoid the effect of age on the clinical, biochemical and immunological findings.
In Iraq the Tetraethyl lead (TEL) is used widely till now to increase the octane rating of gasoline (petrol), although this phase has been canceled and even the production of it was considered globally illegal.
There is no strict regulation in management and maintenance of the constructions and pipelines. Increase in lead and cadmium levels may be associated with presence of many leaks of these pipelines. Poor education and concern about the effects of heavy metals on the health of the workers lead to absence of the protective measures which include the use of masks and gloves.
In this study, the increase in MDA and decrease in SOD was agreed with study on occupationally exposed workers to petrol in petrol stations. (10) A significant positive relation was found between lead and the oxidative stress marker MDA, this result was agreed with a studies on painters (11) and battery manufacturing workers. (12) The significant correlation between lead and MDA (lipid peroxidation) can be explained by the lead-induced oxidative damage to membranes which is associated with changes in the fatty acid composition. (13) In addition, the fatty acid chain length and unsaturation are the determinant for membrane susceptibility to peroxidation, and lead induced arachidonic acid elongation which might be responsible for the enhanced lipid peroxidation of the membrane. (14) The reverse correlation between the heavy metals (lead and cadmium) and SOD was agreed with study on rats exposed to combined effect of lead and cadmium, (15) however, it was disagreed with study on inhabitants of polluted area. (16) The decreased SOD activity in workers group is probably due to interaction of lead with copper molecule. As SOD is a Zn-Cu containing enzyme, hence lead exposure induced copper deficiency resulted in decreased SOD activity. (17) It has been demonstrated that cadmium can replace Zn to reduce SOD activity. (18, 19) Given the complex composition of petroleum, the difference in oxidative status among Al-Daura oil refinery workers may be associated with other constituent of the petroleum. Benzene is one of these components that can increase the oxidative damage. (20, 21) Toluene, ethylbenzene and xylene can induce oxidative stress. (22) The correlation between the lead and IgA in this study was agreed with a study on workers exposed to lead which found an increase in level of serum immunoglobulin A. (23) The increase in serum IgA level may be due to the influence of lead on the differentiation of B cells into antibody producing cells, thereby amplifying B-cell expansion to secrete IgA antibody. (24) In this study, the oral examination among workers revealed two cases of line and four cases of pigmentations in different sites in the oral cavity, some of these pigments may be physiological pigments which may need more investigations to determine if there is any association with systemic signs and symptoms of heavy metals toxicity.
The oral lesions including ulcers, white and red lesions, infections and other mucosal problems were absent among workers and they didn`t have any history of pronounced oral lesions that can be associated with occupational exposure to pollutants. This absence of lesions in the presence of pollution may be due to increased level of mucosal immunity ( ↑ sIgA) among workers since the level of secretory IgA in saliva has an important role in the protection of the oral tissues against diseases. (25) 
